During the past two decades, several epitopes that induce neutralizing antibodies (Abs) have been identified in the human immunodeficiency virus (HIV) envelope through studies of polyclonal and monoclonal Abs (MAbs). These epitopes include the V3 region defined with polyclonal Abs (30, 33) and several MAbs, such as 447-52D (16); the membrane-proximal external region in gp41 defined by MAbs 2F5 and 4E10 (6); the CD4-binding site on gp120 defined by MAb immunoglobulin G1b12 (IgG1b12) (7); and a glycan-rich region on gp120 defined by MAb 2G12 (37). With the exception of V3, none of these epitopes induce neutralizing Abs in the majority of infected humans. Thus, Abs to the membrane-proximal external region of gp41 (G. Shaw, H. Li, J. Decker, S. Allen, E. Hunter, E. Delaporte, M. Peters, B. Hahn, and F. Bibollet-Ruche, Abstr. AIDS Vaccine 2005, abstr. 29, 2005 (45), the CD4 binding site defined by IgG1b12 (25), and the designated carbohydrate moieties on gp120 (23, 37) are rare or absent from the sera of most HIV-infected individuals, and the epitope recognized by 2F5 (9, 11, 29) and the peptide mimotope for IgG1b12 (44) have failed to induce neutralizing Abs when used as experimental immunogens. Moreover, the recently described auto-reactive character of MAbs 2F5, 4E10, and IgG1b12, which recognize cardiolipin and/or double-stranded DNA, indicates that these epitopes may be problematic for the design of an anti-HIV vaccine (22). In contrast, the immunogenicity of the V3 region is reflected by the presence of anti-V3 Abs in the sera of essentially all HIV-infected individuals (38).
During the past two decades, several epitopes that induce neutralizing antibodies (Abs) have been identified in the human immunodeficiency virus (HIV) envelope through studies of polyclonal and monoclonal Abs (MAbs). These epitopes include the V3 region defined with polyclonal Abs (30, 33) and several MAbs, such as 447-52D (16) ; the membrane-proximal external region in gp41 defined by MAbs 2F5 and 4E10 (6) ; the CD4-binding site on gp120 defined by MAb immunoglobulin G1b12 (IgG1b12) (7) ; and a glycan-rich region on gp120 defined by MAb 2G12 (37) . With the exception of V3, none of these epitopes induce neutralizing Abs in the majority of infected humans. Thus, Abs to the membrane-proximal external region of gp41 (G. Shaw, H. Li, J. Decker, S. Allen, E. Hunter, E. Delaporte, M. Peters, B. Hahn, and F. Bibollet-Ruche, Abstr. AIDS Vaccine 2005, abstr. 29, 2005) (45) , the CD4 binding site defined by IgG1b12 (25) , and the designated carbohydrate moieties on gp120 (23, 37) are rare or absent from the sera of most HIV-infected individuals, and the epitope recognized by 2F5 (9, 11, 29) and the peptide mimotope for IgG1b12 (44) have failed to induce neutralizing Abs when used as experimental immunogens. Moreover, the recently described auto-reactive character of MAbs 2F5, 4E10, and IgG1b12, which recognize cardiolipin and/or double-stranded DNA, indicates that these epitopes may be problematic for the design of an anti-HIV vaccine (22) . In contrast, the immunogenicity of the V3 region is reflected by the presence of anti-V3 Abs in the sera of essentially all HIV-infected individuals (38) .
Opinions about the V3 loop as an antigen for the induction of neutralizing Abs have changed over time. Early optimism related to the ability of anti-V3 MAbs to neutralize T-cell-lineadapted viruses was replaced by skepticism when it was suggested that the V3 of primary isolate JR-FL was "cryptic" (5) . More recent data suggest that V3 is accessible on the surfaces of most virions (31) and that anti-V3 MAbs, such as 447-52D, can neutralize 62 to 92% of primary isolates that carry the epitope for which V3 is specific (3, 43) . Nonetheless, recent studies have shown that V3 is masked in many viruses by the V1/V2 region (32) and/or by carbohydrate moieties on the envelope (39) , both of which may contribute to the resistance of primary isolates (26, 28) . Moreover, it has been demonstrated in several studies that, despite the sequence variation in the V3 loop, many human anti-V3 Abs are cross-reactive (3, 17, 19, 21, 26, 42) . For example, recent data show that anti-V3 MAbs derived from the cells of subtype B virus-infected individuals (anti-V3 B MAbs) can neutralize various primary isolates from subtype B as well as additional viruses from subtypes A and F if they bear V3 loops containing the GPGR motif (3, 17, 19) . This cross-neutralization may be explained by the biologic constraints placed on the V3 loop by the need for it to bind to chemokine receptors in order to mediate infectivity.
The vast majority (Ͼ85%) of HIV-1 infections worldwide are due to non-B-subtype viruses, the majority of which bear the GPGQ motif in their V3 loops, while Ͻ15% of HIV-1 infections are due to subtype B viruses bearing the GPGR motif (19, 26) . However, most anti-V3 MAbs studied have been derived from subtype B virus-infected individuals. Analysis of these MAbs and anti-V3 Abs in the sera of patients infected with subtype B and non-B-subtype viruses suggests that there are differences between the binding and neutralizing activities of different viruses. It has been noted that anti-V3 B MAbs poorly neutralize viruses with the GPGQ motifs; in contrast, anti-V3 Abs in the sera of patients infected with non-B-subtype viruses exhibit broader cross-reactivities to B and non-B V3-fusion proteins (FPs) than anti-V3 Abs in the sera of subtype B virus-infected subjects (19, 26) . These observations suggest differences between the immunogenic characteristics of V3 loops carrying GPGQ and those carrying GPGR motifs.
Identifying immunogens that induce broad cross-reactivities across different subtype viruses or viruses that infect the majority of individuals worldwide is critical for vaccine design. To better understand the immunologic roles of the GPGQ and GPGR motifs on different viruses and the Abs they induce in infected individuals, we have generated anti-V3 MAbs induced by non-B subtype virus infections and studied their immunochemical properties in binding and neutralization assays.
MATERIALS AND METHODS
Monoclonal antibodies. Seven human anti-V3 MAbs were developed from individuals infected with non-B-subtype HIV-1 using previously described cellular techniques (15, 20) . Briefly, Epstein-Barr virus-transformed peripheral blood mononuclear cells reactive with V3-FPs were fused with the heteromyeloma SHM-D33 (36) and the resulting hybridomas cloned to monoclonality. These MAbs were selected using V3-FPs containing the fully glycosylated and folded V3 domains representing the sequence of either the subtype B primary isolate JR-CSF (V3 B -FP) (24) or the subtype A primary virus 92UG037.8 (V3 A -FP) (26) . In addition, nine human anti-V3 B MAbs produced in our laboratory from the cells of subtype B virus-infected individuals, 2191, 2219, 2412, 2442, 2456, 2483, 2497, 2580, and 447-52D, were used (16, 19) . These MAbs, with the exception of 447-52D, were selected with V3 JR-CSF -FP. MAb 447-52D was selected with the V3 MN peptide. MAb IgG1b12 (7) and MAb 4E10 (6) were used as positive controls, while MAb 837 (anti-C2) (31) and human anti-parvovirus B19 MAb 1418 (14) served as negative controls.
Viruses. Eleven primary HIV-1 isolates were studied. Seven primary viruses, Bx08, SF162, BaL (subtype B), 93MW960, 98CN006, 98CN009, and IN98022 (subtype C), were obtained from the NIH AIDS Research and Reference Reagent Program (ARRRP). One isolate, DJ263 (CRF02_AG), was obtained from the Vaccine Research Center, NIAID, NIH (provided by John R. Mascola). Three primary isolates, 03USVA36 and 02USNYU2775 from two individuals infected with subtype B viruses in the United States (1) and NYU129 from one individual infected in Cameroon with CRF02_AG, were isolated in our laboratory. Two viruses pseudotyped with the env genes of SF162 (subtype B) and MW965 (subtype C) were produced in our laboratory as previously described (19) . The plasmid containing the env gene of MW965 was obtained from the Vaccine Research Center, NIAID, NIH (provided by John R. Mascola).
RNA extraction, RT-PCR, and phylogenetic analysis. RNA extraction was performed on 100 l of plasma as described by Boom et al. (4) , followed by a single-tube reverse transcriptase (RT)-PCR (Access RT-PCR system, Promega, Madison, WI) to amplify the C2V5 region of env (40) . The amplified products were sequenced and phylogenetically analyzed with reference subtype sequences to determine the virus subtypes as previously described (10, 41) .
Binding assay. A standard enzyme-linked immunosorbent assay (ELISA) was used to determine binding of MAbs to V3-FPs (18) . Briefly, ELISA plates were coated overnight at 4°C with V3-FPs at 1.0 g/ml, blocked with 2% bovine serum albumin in phosphate-buffered saline, and then incubated with human MAbs at a concentration 10.0 g/ml for 1.5 h at 37°C. The plates were washed, and the bound MAbs were detected by incubation with alkaline phosphatase-conjugated goat anti-human IgG (␥ specific) (Zymed, San Francisco, Calif.) for 1.5 h at 37°C. After the plates were washed, substrate was added for 30 min to develop color, and the plates were read at 410 nm.
The relative affinities of MAbs binding to V3-FPs were determined with ELISA by measuring the concentration of each MAb required to achieve 50% maximal binding at saturation, and relative affinities were assessed using MAbs at 0.003 to 10.0 g/ml. The 50% maximal binding was obtained by linear interpolation.
Neutralization assays. Two neutralization assays, the GHOST cell and luciferase neutralization assays, were used to test the abilities of the MAbs to neutralize viruses. The GHOST cell neutralization assay was performed as described previously, with minor modifications (8) . Briefly, equal volumes of primary virus, at a dilution predetermined in earlier experiments to yield ϳ1,000 infected cells per 15,000 cells, and MAb, diluted to yield a final concentration of 25 g/ml, were incubated for 1 h at 37°C. Each virus/MAb mixture was added to GHOST-CD4 ϩ CCR5 ϩ cells in the presence of 8.0 g/ml DEAE-dextran, and incubation was continued for 3 days, after which the cells were harvested, fixed, and analyzed by flow cytometry (Becton Dickinson). Percent neutralization was calculated using the following formula: (1 Ϫ number of infected cells in the presence of MAb/number of infected cells in the absence of MAb) ϫ 100. MAbs IgG1b12 and 4E10 were used in each experiment as positive controls, while MAb 847 served as a negative control. Significant neutralizing activity was determined as any value of Ͼ29%, the cutoff based on the 95% confidence level calculated from the fitted normal (Gaussian) distribution of data from 60 experiments using the nonneutralizing MAb 847.
A single-cycle infectivity assay was used to measure the neutralization of luciferase-encoding virions pseudotyped with the desired HIV-1 Env proteins, as previously described (19) . Briefly, appropriate dilutions of the virion-containing culture supernatants were preincubated at 37°C for 1.5 h with MAbs at various concentrations. The virus-MAb mixtures were added to HOS-CD4 ϩ CCR5 ϩ cells (NIH ARRRP and contributed by Dan Littman) and incubated for 3 days at 37°C. After the cells were washed, the relative light units in the cell lysates were determined on a Lumimark Plus System microplate reader (Bio-Rad Laboratories, Hercules, CA) with luciferase substrate (Promega, Madison, Wis.). The reduction of infectivity was determined by comparing the relative light units in the presence and absence of MAbs and expressed as percent neutralization.
Statistical analyses. t tests and Fisher's exact test were performed with GraphPad, version 3.00, for Windows (GraphPad Software, San Diego, Calif.). Significance of difference in neutralizing activity against pseudotyped viruses between two panels of MAbs was determined by a new method borrowed from survival analysis. The Kaplan-Meier algorithm was used to estimate the cumulative distribution of neutralizing doses, where the information inherent in the number of MAbs that failed is accounted for. The algorithm then applies the MantelHaenszel test to compute the P value for the comparison. This calculation was done by function "survdiff" in the statistical language S-PLUS 7.0 (Insightful Corp.)
RESULTS

Generation of anti-V3 non-B MAbs from individuals infected with non-B-subtype viruses.
Seven heterohybridomas producing anti-V3 MAbs were generated from Epstein-Barr virustransformed peripheral blood mononuclear cells derived from seven different individuals infected with non-B-subtype viruses. Two V3-FPs were used for selection, each containing the V3 region of either subtype A HIV-1 92UG037.8 or subtype B HIV-1 JR-CSF . The utility of this approach was shown previously by demonstrating that MAbs selected with V3-FPs are conforma-tion sensitive and, in terms of neutralizing activity, are more efficient than those selected with linear V3 peptides (17, 19) . Six of these MAbs were derived from individuals living in Cameroon, and one, MAb 2182 (previously described [19] ), was derived from an individual infected in Côte d'Ivoire (Table 1 ). All MAbs belong to the IgG1 subclass with lambda light chains (Table 1) .
HIV-1 subtype analysis. For phylogenetic analysis, viral C2V5 sequences that clustered with reference subtype sequences with bootstrap values of Ͼ70% were considered significant. The phylogenetic analysis of the C2V5 sequences revealed that five of the seven heterohybridomas were derived from the cells of HIV-1-positive subjects infected with CRF02_AG viruses. The remaining two were derived from subjects infected with CRF13_cpx and CRF09_cpx ( Table 1) . Each of these viruses contained the env gene of subtype A.
V3 sequence analysis. The V3 amino acid sequence of each of the seven primary viruses was aligned with the respective subtype consensus sequence obtained from the Los Alamos Database (Fig. 1) . Six V3 sequences contain the GPGQ motif at the tip of the V3 loop, while plasma virus from patient 00USNYU2182 (from whom MAb 2182 was derived) contains the GPGR motif. This GPGR motif appears in ϳ4% of subtype A viruses (13) . All seven V3 sequences have the same length, 35 amino acids, with no insertions or deletions.
Cross-reactivities of anti-V3 non-B MAbs tested by ELISA. Two panels of MAbs, including seven anti-V3 non-B and nine anti-V3 B MAbs, were tested by ELISA to determine the binding patterns with V3 non-B -FP and V3 B -FP containing the GPGQ and GPGR motifs, respectively. Five of the seven (71%) anti-V3 non-B MAbs reacted with both V3 A -FP and V3 B -FP ( Fig. 2A and B) , while only four of the nine (44%) anti-V3 B MAbs showed binding to both V3-FPs (Fig. 2E and  F) . Given the small sample size, this difference in reactivity was not found to be statistically significant by the Fisher exact test. Subtype-specific reactivities were observed with only two of the seven (29%) anti-V3 non-B MAbs (Fig. 2C and D) , while five of the nine (56%) anti-V3 B MAbs reacted only with V3 B -FP ( Fig.  2G and H) . Interestingly, we note that the anti-V3 non-B MAb 2182 generated from the cells of the HIV-1 CRF02_AG-infected patient whose virus carried the GPGR V3 motif (Fig. 1) reacted only with the V3 B -FP containing the GPGR motif ( Fig.  2C and D) . The overall pattern of reactivity displayed in Fig. 2 suggests strongly that the V3 loop carrying the GPGR motif induces a less cross-reactive Ab response than does the V3 loop carrying the GPGQ motif.
The 50% maximal binding concentrations (half-max) for the five anti-V3 non-B and four anti-V3 B MAbs that bound both V3-FPs were not statistically different. Calculated from data shown in Fig. 2A and E, the average half-max for anti-V3 non-B MAbs binding to V3 A -FP was 0.16 Ϯ 0.11 g/ml and the average half-max for anti-V3 B MAbs binding to V3 A -FP was 0.27 Ϯ 0.12 g/ml (P ϭ 0.27). Similarly, calculated from data shown in Fig. 2 B and F, the average half-max for anti-V3 non-B MAbs reacting with V3 B -FP was 0.022 Ϯ 0.01 g/ml and the average half-max for anti-V3 B MAbs was 0.018 Ϯ 0.006 g/ml (P ϭ 0.64). Moreover, there was no significant difference in half-max values for binding to V3 B -FP between the four anti-V3 B MAbs that react with both V3-FPs (0.018 Ϯ 0.006 g/ml) (Fig. 2F ) and the five V3 B MAbs that bind to V3 B -but not V3 A -FP (0.039 Ϯ 0.03 g/ml; P ϭ 0.25) (Fig. 2H) . These results suggest that cross-reactivity among anti-V3 MAbs is due to specificity differences and is independent of their binding affinities. Neutralization of pseudotyped viruses. The neutralizing activities of seven anti-V3 non-B MAbs were compared with those of seven anti-V3 B MAbs in assays using luciferase-expressing pseudotyped viruses carrying Env from either subtype B SF162 (psSF162) or subtype C MW965 (psMW965). All MAbs were tested at concentrations ranging from 0.001 to 10 g/ml. Overall, both anti-V3 B and anti-V3 non-B MAbs displayed similar neutralizing activities against psSF162, which bears the V3 GPGR motif (Fig. 3A and B) . Thirteen of the 14 MAbs exhibited 50% neutralizing doses (ND 50 s) against psSF162 at Ͻ1.0 g/ml; however, MAb 2601 (anti-V3 non-B ) did not neutralize psSF162 (Fig. 3A) .
In contrast, psMW965, which bears the GPGQ V3 motif, was neutralized more efficiently by anti-V3 non-B than by anti-V3 B MAbs (Fig. 3C and D) . Six of the seven anti-V3 non-B MAbs achieved an ND 50 at Ͻ0.1 g/ml against psMW965, while only two of the seven anti-V3 B MAbs reached this level of activity ( Fig. 3C and D) . There was a clear difference found (Fig. 3A) but not subtype C psMW965 (Fig. 3C) .
Neutralization of primary isolates. Using the GHOST cell neutralization assay, the neutralizing activity of anti-V3 non-B and anti-V3 B MAbs were tested at 25 g/ml against five subtype B primary isolates (bearing the GPGR V3 motif) and against two CRF02_AG and four subtype C isolates (bearing the GPGQ V3 motif). Four anti-V3 non-B MAbs, 2182, 2557, 2558, and 3019, neutralized three subtype B viruses (Bx08, SF162, and BaL) with similar potencies, as did the anti-V3 B MAbs. The three remaining anti-V3 non-B MAbs, 3074, 2601, and 3224, neutralized only one or two of these three subtype B isolates. (Fig. 4) . Two subtype B viruses (03USVA36 and 02USNYU2775) were resistant to neutralization by both categories of MAbs, with the exception of 2182 (anti-V3 non-B ) and 447 (anti-V3 B ), which neutralized 03USVA36, and MAb 2456 (anti-V3 B ), which only weakly neutralized 02USNYU2775 (Fig. 4) . These data were consistent with those above, suggesting that there was little or no difference between the abilities of anti-V3 B and anti-V3 non-B MAbs to react with subtype B viruses. Here, the percentage of subtype B virus/MAb combinations which showed neutralizing activities was slightly higher for anti-V3 B MAbs (63%) than for anti-V3 non-B MAbs (51%), but the difference was not significant as determined by the Fisher exact test.
The two panels of anti-V3 MAbs were also tested against six low-passage, non-B subtype primary isolates, including four subtype C and two CRF02_AG viruses. Overall, the anti-V3 non-B MAbs more efficiently neutralized three non-B viruses (NYU129, DJ263, and 93MW960) than did the anti-V3 B MAbs: 20 of the 42 (48%) non-B virus/anti-V3 non-B MAb test combinations showed significant neutralization; nine of these combinations neutralized virus at Ͼ50%. In contrast, only 13 of the 42 (31%) non-B virus/anti-V3 B MAb combinations displayed significant neutralizing activity, of which only two combinations achieved Ͼ50% neutralization (Fig. 4) . While the difference in neutralizing activity between both panels was not found to be significant when measured by the Fisher exact test, it is again noteworthy that the anti-V3 non-B MAb 2182, derived from the individual infected with a CRF02-AG virus bearing the GPGR V3 motif, did not neutralize primary isolates carrying the GPGQ motif but could neutralize the subtype B viruses carrying the GPGR motif (Fig. 4) . Thus, the overall pattern of primary isolate neutralization was consistent with the results of pseudovirus neutralization and virus binding, suggesting that viruses bearing the GPGQ V3 motif induce an Ab response of broader cross-reactivity than that induced by viruses bearing the GPGR V3 motif. 
DISCUSSION
Three types of experiments were used to study anti-V3 MAbs from subjects infected with subtype B or non-B strains of HIV: (i) binding of MAbs to V3 A -versus V3 B -FPs, (ii) neutralization of pseudotyped viruses bearing the Env proteins of viruses from either subtype B or subtype C, and (iii) neutralization of primary isolates from subtype B, C, or CRF02_AG. The data from all three sets of experiments suggest that anti-V3 non-B MAbs derived from subjects infected with non-B subtype viruses carrying the GPGQ V3 motif exhibit broader reactivities than anti-V3 B MAbs from subjects infected with subtype B viruses carrying the GPGR V3 motif. Our present findings corroborate those from studies of polyclonal anti-V3 serum Abs from HIV-infected subjects living in Cameroon, where GPGQ viruses predominate, showing broader cross-reactivities than did polyclonal anti-V3 serum Abs from HIV-infected subjects living in North America, where GPGR viruses predominate (26) . Taken together, these studies suggest that the immunogenic properties of V3 loops carrying the GPGQ V3 motif can be different from those bearing the GPGR V3 motif.
The critical immunogenic role of the motif at the tip of the V3 loop is further strengthened by the pattern of reactivity exhibited by the MAb 2182 derived from the cells of a subject from Côte d'Ivoire who was infected with a CRF02_AG virus bearing the GPGR V3 motif (Fig. 1) . Thus, while being classified as an "anti-V3 non-B MAb" and included as such in all statistical analyses, MAb 2182 was nonetheless induced by a "GPGR virus" and displayed the characteristics of "anti-V3 B MAbs" stimulated by GPGR viruses. This MAb bound to V3 B -FP but not to V3 A -FP (Fig. 2C and D) , neutralized a pseudovirus bearing a subtype B envelope with a GPGR V3 motif but not pseudoviruses bearing the GPGQ V3 motif (Fig.  3A and C) , and neutralized four of the five subtype B primary isolates but did not neutralize any of the CRF02_AG or subtype C primary isolates (Fig. 4) . These results were confirmed recently, when it was shown that MAb 2182 was strongly dependent on the presence of the Arg (R) residue in the GPGR on October 1, 2017 by guest http://jvi.asm.org/ motif and was unable to neutralize chimeric viruses containing the subtype B consensus variants in which the R was replaced by Gln (Q) or Lys (K) (32a). The MAb 2182 therefore serves as an internal control, confirming that the critical feature determining V3 immunogenicity is not the genotype to which the envelope maps but the nature of the V3 motif it possesses. The structure of a subtype B V3 loop to which anti-V3 B MAb 447 binds has been obtained by both nuclear magnetic resonance and crystallographic studies (34, 35) . It was shown that the Arg (R) residue present in the GPGR motif plays a critical role in determining Ab specificity. This observation was confirmed by neutralization studies showing that MAb 447 could neutralize GPGR viruses from subtypes A, B, F, and H but not GPGQ viruses or viruses with other "non-GPGR" sequences at the tip of the V3 loop (3, 43) . The present data support our previous studies showing that specific motifs at the tip of the V3 loop are critical in inducing Abs with characteristic properties.
Molecular modeling based on the crystallographic studies of the V3/MAb 447 complex also helps to explain the differential immunogenicities of V3 loops characterized by the GPGR and GPGQ motifs. Preliminary modeling of GPGR and GPGQ V3 loops suggest that these two motifs may present different patterns of surface charges, with the GPGR motif concentrating surface charges at the tip of the loop, while in the GPGQ motif, the electrostatic charges are spread over the length of the N-terminal ␤ strand of V3 (T. Cardozo and S. ZollaPazner, unpublished data). Since charge often plays a critical role in defining B-cell epitopes, different patterns of surface charge between GPGR and GPGQ viruses could strongly affect the immunogenicities of these two categories of V3 and the resulting anti-V3 Abs they induce. Structural studies and molecular modeling also illuminate the patterns of reactivity of the anti-V3 Abs induced by GPGR and GPGQ viruses. Thus, when the Arg (R) residue of GPGR is replaced with a Gln (Q) residue, Gln fits into the charged pocket of the combining site of MAb 447, which is normally occupied by the Arg residue (M. Schapira and S. Zolla-Pazner, unpublished data). However, the Gln residue cannot form the salt bridge and cation interactions that the Arg residue forms with critical residues in the binding site of MAb 447 (35) .
The present study has examined the specificities and neutralizing activities of anti-V3 MAbs from human volunteers infected with various strains of subtype B and non-B viruses. The data suggest that viruses bearing the GPGQ V3 motif induce anti-V3 Abs with broader immunologic activity than do viruses bearing the GPGR motif. Given that Ͼ85% of global HIV infections are caused by non-B subtype viruses, most of which carry a V3 loop with the GPGQ motif at the tip, while the remaining ϳ15% HIV infections, caused by subtype B viruses, carry the GPGR motif, and given that anti-V3 Abs may be an important component in protection against HIV infection (2, 12, 27) , these data suggest that if a monovalent vaccine is used, it should preferentially include a V3 region containing the GPGQ V3 motif. A polyvalent vaccine would benefit from 
